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Abstract 
Objective: Exergaming has been introduced in safe and beneficial intervention for the elderly. However, no study 
has examined exergaming-based interventions for the elderly that last several years. Therefore, we investigated the 
effectiveness and safety of a 12-week intervention using step training with exergaming for the elderly (12-week 
study). Moreover, we conducted an exergaming-based intervention for 3 years (3-year study).
Materials and methods: 12-week study: Forty-two elderly persons participated in this study. Using an in-house 
developed exergaming protocol, a step training was performed for 15 min/session twice a week for 12 weeks. We 
investigated post-intervention changes in motor functions, successful step-rate, the intensity of exercise, which 
was evaluated using Borg scale (Rating of Perceived Exertion). 3-year study: An intervention using exergaming was 
conducted for 12 weeks by 20 elderly participants. Two courses/year of exercise were performed at 3-month intervals. 
This was continued for 3 years. The exercise continuation rate, its influence on motor functions were investigated.
Results: 12-week study: Lower-limb muscle strength, balancing capacity, and whole body reaction time significantly 
improved in the exercise group. The mean score on Borg scale was 12 ± 2 on the first day of the step exercise and 
9 ± 2 on the final day. 3-year study: Exercise was continued in 16 out of the 20 subjects. The Timed Up and Go Test, 
duration of one-footed standing, and quadriceps strength significantly improved.
Conclusion: The results of the present study showed that exergaming provided an appropriate exercise intensity 
for the elderly and safely improved motor functions. The exercise continuation rate in the 3-year study was high. 
Improvements in motor functions may contribute to the prevention of falls.
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Background
The rapid aging of society has recently become more 
prominent in first world countries. In order to prolong 
not only average life spans, but also healthy life expec-
tancy, it is important to maintain and/or improve motor 
functions. Since muscle strength and balancing capac-
ity decrease with age, the risk of falls may be avoided by 
exercise interventions that improve these functions. A 
systematic review presented by Sherrington et al. (2008) 
revealed that complex training, involving various types 
of muscle strength-potentiating and balance-maintaining 
exercises, decreased the risk of falls.
Muscle strength around the ankle and hip joints is 
weaker in the elderly than in the young (Bemben et  al. 
1996; Kirkendall and Garrett Jr 1998; Doherty 2003; Jans-
sen et al. 2000). In the likelihood of a fall, muscles around 
the ankle and hip joints in the young respond in order to 
prevent the fall (ankle/hip strategies) (Manchester et  al. 
1989; Woollacott 1993; Mackey and Robinovitch 2006). 
On the other hand in the elderly, stepping predominantly 
contributes to the prevention of falls (stepping strategy). 
Because the ankle/hip strategy-dependent prevention of 
falls is compromised, if the elderly cannot prevent falls 
through the stepping strategy, proximal femoral fractures 
may occur (McIlroy and Maki 1996; Maki and McIlroy 
2006; Luchies et al. 1994; Rogers and Mille 2003). Among 
elderly-specific fractures, proximal femoral fractures 
have the strongest impact on healthy life expectancy 
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and prognosis. Therefore, reinforcing lateral stability is 
important for preventing these fractures (Greenspan 
et al. 1998; Aizen et al. 2003; Hwang et al. 2011). Repeti-
tive step training is useful for improving the lateral stabil-
ity of subjects (Maki and McIlroy 2005).
Repetitive step exercises are monotonous, which may 
reduce compliance (Oman and King 2000; Dishman 
and Buckworth 1996). Exercise training using a com-
puter game (exergaming) was developed as a compli-
ance-improving training method in order for training to 
become more enjoyable (Warburton et al. 2007; Tamura 
et al. 2007; Baranowski et al. 2008). The positive effects of 
exergaming, involving repetitive step exercises, have been 
reported in elementary school children, healthy young 
adults, and obese adults (Taylor et  al. 2011; Bailey and 
McInnis 2011; Sell et  al. 2008). The safety, efficacy and 
lower-limb motor functional changes of exergaming for 
several months have been reported in the elderly (Skjæret 
et al. 2015a). However, the exercise continuation rate, its 
safety, and its influence on motor functions in the elderly 
periodically subjected to interventions with exergaming 
for several years have not yet been examined.
Since the game speed in commercially available com-
puter games is fast, it is difficult for the elderly to acquire 
a high score (Clark and Kraemer 2009; Skjæret et  al. 
2015a, b). Therefore, the degree of difficulty in exergam-
ing needs to be regulated so that the elderly may enjoy it 
(Smith et  al. 2011). Smith et  al. investigated the success 
rate of stepping in the elderly using a stepping device that 
was developed based on a conventional computer game. 
They indicated that the successful step-rate was 100 % at 
a pace of 1 step per 2 s. When the degree of difficulty was 
changed, the success rates of stepping were approximately 
80 % at a pace of 1 step/s and approximately 66 % at a pace 
of 1.25 steps/s (Smith et al. 2011). A commercially avail-
able stepping game, Dance Dance Revolution (DDR, Kon-
ami), initially provides a stepping pace of approximately 
1 step/s, and this is gradually accelerates as the game pro-
gresses, ultimately reaching approximately 3 steps/s. This 
pace is too fast for the elderly (Smith et al. 2011); there-
fore, the degree of difficulty needs to be regulated.
We had to develop software for step training pro-
gram, in which the degree of difficulty was regulated. We 
had to develop software for a step-training program, in 
which the degree of difficulty was regulated. When we 
developed the software, there had been only one previ-
ous report that had investigated the relationship between 
successful steps and the step-rate of exergaming for the 
elderly. (Smith et  al. 2011). Therefore, we referred to 
this report and regulated the step-rate of the training 
program accordingly. In this software, the step-rate was 
established as 1 step/s (Smith et al. 2011), a pace at which 
the elderly have the potential to acquire a high score.
Past researchers have reported that adults start with 
easier games and progress to more difficult games 
(Baranes et  al. 2014). Therefore, clearly the difficulty 
level of exergaming should be set at a low level when set-
ting up step training. In order to improve their motiva-
tion to continue exercising, we prepared a local festival 
(Yosakoi Festival) model as the game design. Residents in 
the area are familiar with this festival. The model, with a 
musical instrument as the symbol of the Yosakoi Festival, 
was set to move at every step so that everyone was capa-
ble of enjoying. The participants recorded their results 
in their notebooks after every session. They were also 
able to compare them with previous scores. We utilized 
their notebooks to maintain their motivation to continue 
exercising.
The aim of this study was to verify our hypotheses: 1. 
Exergaming, in which the degree of difficulty was regu-
lated, is safe for healthy individuals, has the high suc-
cessful step-rate of the training and it is effective for 
improving lower-limb motor functions; and 2. Periodic 
interventions with exergaming for several years are safe 
with a high continuation rate (attendance rate, num-





Forty-two healthy elderly persons [28 males, 14 females, 
mean age: 71 ± 5 years (64–85 years)] participated in this 
study. This group of subjects consisted of very healthy 
elderly citizens paid a regular salary for physical labor. 
Therefore, their motor function ability was better than 
the average elderly citizen. The criteria for participation 
included an age of 60 years or older, orthosis-free walk-
ing, and a healthy status without exercise restrictions. 
Exclusion criteria included a history of lower limb sur-
gery (fracture/artificial joint), history of cerebrovascular 
disorders, diabetes, neurodegenerative diseases (such 
as Parkinson’s disease) that cause balance disturbances, 
exercise-affecting diseases (heart/lung/kidney diseases), 
numbness/sensory disturbances in the hands/legs, 
and dementia. Institutional review board approval was 
obtained prior to the study. All subjects agreed in writ-
ing to participate in the study after reading and signing 
an informed consent form. They were randomly allo-
cated to the exercise or control group. Randomization 
was performed by using a list of random numbers and a 
sealed envelope method. Participants were divided into 
two groups: exercise and control groups, based on their 
agreement with random assignment in order to achieve 
a male-to-female ratio of 1:1. Their daily activities 
remained unchanged during the study period. Eight out 
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of the 42 subjects had a history of falls in the past year 
(exercise group: 5, control group: 3).
3‑year study
Subjects were 20 elderly residents in a fishery town (pop-
ulation: approximately 12,000, proportion of elderly per-
sons: approximately 39 %) who wanted to participate in 
this study. This group of subjects consisted of frail elderly 
persons who scored low on motor function in a muscu-
loskeletal function examination carried out in a residen-
tial area. They consisted of 4 males and 16 females, with 
a mean age of 78 ±  2  years. Exclusion criteria included 
exercise-affecting diseases (heart/lung/kidney diseases), 
neurodegenerative diseases (such as Parkinson’s disease) 
that cause balance disturbances, dementia, and gait dis-
orders (hemiplegia after cerebral infarction and neurode-
generative diseases).
Step exergaming program
We developed software for a step training program, and 
used it (exergaming) in the exercise group. The system 
consisted of a stepping mat that was connected to a uni-
versal serial bus (USB), a 19-inch display, and a uniquely 
prepared program (Fig.  1). The mat for stepping meas-
ured approximately 1  m2, and the distance between the 
center of the mat and the display was approximately 
1.5 m. The game contents were as follows: 4 yellow disks, 
entitled “Front”, “Back”, “Left”, and “Right”, randomly 
appeared from the outer boundary of the display, and 
were slowly transferred toward the center of the display. 
The disk color changed from yellow to red, and disap-
peared after 1  s. If one leg was stepped in the direction 
indicated by the disk within 1 s from red coloration until 
its disappearance, the subject got a score. The model had 
a musical instrument as the symbol of the Yosakoi Festi-
val (Fig.  2). It moved the musical instrument with each 
score; therefore, increasing the likelihood that each sub-
ject would enjoy the exercise. Upper row: If the “Front” 
disk was transferred from the upper area of the moni-
tor toward its center, one leg had to step out in the front 
direction before the disk disappeared. The stepping leg 
was then returned to the center. In this study, we did not 
decide whether to use the same foot in the front step or 
not. Lower row: If the “Left” disk was transferred from 
the left side of the monitor toward its center, the left leg 
had to step out in the left direction before the disk disap-
peared. The stepping leg was then returned to the center 
(Fig. 3).  
The step-rate based on disk indications was established 
as 1 step/s. The total number of steps per training session 
when a full score was achieved was established as 672 so 
that the frequencies of the 4 steps, “Front”, “Back”, “Left”, 
and “Right”, were similar.





Fig. 2 Game monitor
Fig. 3 Scheme of the step training
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One training session was completed after both success-
ful and unsuccessful steps were counted towards the 672 
steps required.
At the completion of each session of the step training, 
the successful step-rate (expressed as %) was presented 




Exergaming for 15  min/session was performed twice a 
week for 12  weeks. Exercise activities were conducted 
in the Department of Rehabilitation of our hospital. 
Subjects were instructed to record their successful step-
rate in their notebooks. We confirmed the presence or 
absence of adverse events during exercise in each partici-
pant at every session.
3‑year study
Exergaming for 15  min/session was performed twice a 
week for 12  weeks (1 course). After a 3-month interval 
(no step training), it was similarly conducted (2 courses 
per year). This was repeated for 3 years. Exercise activi-
ties were conducted in the health facility of the area. Pub-
lic health nurses confirmed the number of participants 
and the presence or absence of adverse events during 
exercise in every session.
Outcome measures
Motor function-evaluating items
(1) 10-m walking test (s)
This test was carried out according to the reference 
(Novaes et al. 2011). Three trials were performed and the 
average value was reported.
(2) TUG (s)
This test was conducted using the method described 
by Shumway-Cook et al. (2000) and Podsiadlo and Rich-
ardson (1991). Subjects were instructed to sit deeply in a 
chair with a height allowing the hip and knees to flex at 
90°, with their back against the back rest.
Subjects were instructed that their backs must touch 
very lightly on the back rest.
Stable posture was confirmed by the examiner. They 
stood up with a “GO” sign, walked at a comfortable 
speed, and turned back at a cone placed 3 m ahead as a 
mark. The interval until they sat in the chair again was 
measured 3 times, and the mean value was adopted.
(3) Tandem gait test (step)
Subjects were instructed to walk with bare feet on a 
straight line at an arbitrary speed such that the toes of the 
back foot touched the heel of the front foot at each step. 
The number of tandem gait steps was measured 3 times, 
and the maximum was adopted.
(4) Duration of one-footed standing (s)
Using a stopwatch, the time for which subjects were 
capable of maintaining a one-footed standing position 
(Bohannon et  al. 1984) (with the eyes opened and bare 
feet) was measured 3 times per side, and the maximum 
was adopted. Subjects were instructed to raise one leg 
2–3 cm from the floor. Measurements were started when 
the posture became stable a few seconds after the start 
of one-footed standing. Stable posture was confirmed 
by the examiner. It was completed when the raised leg 
reached the ground, when it touched the axis leg, when 
the axis leg’s position moved, or after 60 s or more.
(5) Measurement of quadriceps/gluteus medius muscle 
strength (N)
Muscle strength was evaluated using a hand-held 
dynamometer (ANIMA, μTas F-1). Quadriceps/gluteus 
medius muscle strength was measured in line with the 
same measurement procedures used in two previous 
studies (Koblbauer et  al. 2011; Krause et  al. 2007). The 
strength of each muscle was measured 3 times on the left 
and right sides, and the mean value was adopted. Muscle 
strength measurements using a hand-held dynamometer 
were performed by the same examiner for each muscle.
(6) Platform stabilometry (cm)
Using a platform stabilometer (Gravicorder, ANIMA 
GS3000, Tokyo, Japan), the locus length per unit area 
(cm) on eye-opening was evaluated (Kapteyn et al. 1983).
(7) Pole drop test (cm)
A pole graduated in centimeters, 2  cm in diameter, 
55 cm in length, and 115 g in weight (TKK 5008, Takei 
Corp, Tokyo, Japan), was held by the examiner with the 
0 cm line between, but not touching, the subject’s thumb 
and fingers. When instructed, the subject caught the pole 
as quickly as possible between his or her thumb and fin-
gers immediately after the examiner released it without 
warning. Three trials were performed and the mean value 
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of the centimeter marks at which the subject caught the 
pole was reported. Three trials were performed and the 
best value was reported.
(8) Whole body reaction time (WBRT) (s)
The ability to promptly convert visual information 
to lower-limb exercise (agility) was measured using a 
TKK5408 device (Takei Corp, Tokyo, Japan). Subjects 
were instructed to stand on a sensor mat and jump on 
seeing randomly lighting flashes in front (Miyatake et al. 
2012). The interval until both feet completely separated 
from the mat was measured 5 times, and the mean value 
was adopted.
12‑week study
Motor function assessment In the exercise and control 
groups, evaluation items (1)–(8) were measured before 
the start of the intervention and after its completion. 
Physical and occupational therapists were responsible for 
taking measurements.
Successful step‑rate, intensity of the exercise In the exer-
cise group, we had recorded the successful step-rate. Borg 
scale was used to determine whether the intensity of the 
exercise was adequate for the elderly in the first and final 
exercise sessions. Borg scale has been reported as Rating 
of Perceived Exertion (RPE) (Borg 1982).
Adverse events Before and after all exercise activities, the 
presence or absence of adverse events were investigated 
during the intervention period. Survey items consisted of 
high blood pressure, falls, and exercise-related pain.
3‑year study
Exercise continuation rate [attendance rate (%), number 
of participants (n) in 1‑, 2‑, 3‑year] The number of par-
ticipants who discontinued exercise was determined, and 
the exercise continuation rate was calculated.
Motor function assessment Evaluation items (2), (4), and 
(5) were measured before the start of the intervention and 
after 3 years (after completion of the intervention).
Adverse events Before and after all exercise activities, 
public health nurses investigated the presence or absence 
of adverse events during the intervention period. Survey 
items consisted of high blood pressure, falls, and exercise-
related pain.
Statistical analysis
We used the Mann–Whitney U test for evaluating 
unpaired data, Wilcoxon’s signed rank test for paired 
data. We used the Friedman’s Test to analyze the attend-
ance rate between the three groups.Categorical variables 
were compared using the Chi square test. Values are 
given as mean ± SD. Values were considered significant 
at P < 0.05. All statistical analyses were performed using 
SPSS 16.0J (IBM, Chicago, state of Illinois).
Results
12‑week study
Demographic and baseline data (Table 1) In this study, 1 
subject in the exercise group developed a respiratory dis-
ease during the training period, leading to the discontinu-
ation of exercise. Pre-intervention assessments were not 
conducted in 2 subjects in the control group. Therefore, 
20 subjects in the exercise group (14 males, 6 females, 
mean age: 72 ± 5 years) and 19 in the control group (13 
males, 6 females, mean age: 72  ±  5  years) were evalu-
ated. No significant differences were observed in any item 
according to the data obtained for physical characteristics 
and baseline data for motor functions.
Motor function assessment (Table  2) The results 
obtained for various measurement items before the start 
of the exercise and at its completion in the exercise and 
control groups are presented. No significant changes 
were observed in the control group. The exercise group 
achieved significant improvements in TUG, the duration 
of one-footed standing, quadriceps muscle strength, glu-
teus medius muscle strength, WBRT, and locus length per 
unit area on platform stabilometry. No significant changes 
were observed in the 10-m walking, tandem gait and pole 
drop tests.
Success rate of step (Fig. 4), intensity of the exercise The 
mean step-rate was 77.2  % on the first day of the step 
exercise and 90.4 % on the final day, showing a significant 
increase (P < 0.05).
The mean score on Borg’s scale was 12 ±  2 on the first 
day of the step exercise and 9 ± 2 on the final day, show-
ing a significant decrease (P  <  0.001). Therefore, an 
improvement in exercise tolerance was achieved.
Adverse events No adverse events were observed during 
the 12-week training period.
3‑year study
Continuation of  exercise [attendance rate (%), number 
of participants (n) at 1‑, 2‑, 3‑year] (Fig. 5) The attend-
ance rate (%) was 79  % in the 1-year group, 82.6  % in 
the 2-year group, and 82.4 % in the 3-year group. These 
changes were not significant. These changes were not 
significant. The number of participants (n) was 20 in the 
1-year group, 17 in the 2-year group, and 16 in the 3-year 
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group. Exercise was discontinued for health-related rea-
sons in 2 subjects and family care in 1. The reason for dis-
continuation was unclear in another subject. Exercise was 
continued in 16 out of the 20 subjects.
Motor function assessment (Table  3) In elderly sub-
jects who were able to continue exercise, motor func-
tions before starting the exercise were compared with 
those after 3  years (at completion of the exercise). 
Significant improvements were observed in TUG, the 
duration of one-footed standing, and lower-limb mus-
cle strength.
Adverse events No adverse events were noted during the 
3-year training period.
Discussion
The safety, efficacy and lower-limb motor functional 
changes of exergaming for several months have been 
reported in the elderly (Skjæret et  al. 2015a). However, 
exercise continuation rates or changes in motor functions 
in elderly people subjected to periodic interventions with 
exergaming for several years have not yet been examined. 
In the exercise group involving a 12-week intervention, 
lower-limb muscle strength parameters, quadriceps and 
Table 1 Comparison in demographic and baseline data between the exercise and the control groups
Values are mean ± SD except sex
P values are given by either by the Chi square test+ the Mann–Whitney U test
* Values were considered significant at P < 0.05
Exercise group (n = 20) Control group (n = 19) P value
Sex (M/F) 14/6 13/6 0.92+
Age (years) 72 ± 5 72 ± 5 0.88
Height (m) 1.58 ± 0.08 1.60 ± 0.09 0.62
Weight (kg) 59.2 ± 8.0 59.3 ± 9.3 0.91
Body mass index (kg/m2) 23.8 ± 2.5 23.2 ± 2.9 0.66
Body fat percentage (%) 24.9 ± 7.1 25.1 ± 7.0 0.68
10-m walking test (s) 7.5 ± 0.9 7.0 ± 0.7 0.1
Timed Up and Go test (s) 8.8 ± 1.3 8.1 ± 1.2 0.15
Tandem gait test (step) 9 ± 2 9 ± 2 0.99
One-footed standing duration (s) 46.1 ± 17.8 52.6 ± 13.7 0.31
Strength of quadriceps muscles (N) 249 ± 74 275 ± 109 0.75
Strength of gluteus medius muscles (N) 109 ± 32 109 ± 23 0.73
Pole drop test (cm) 26.9 ± 6.2 27.7 ± 4.9 0.1
Whole body reaction time (s) 0.44 ± 0.06 0.42 ± 0.05 0.26
Platform stabilometry (cm) 23.9 ± 11.1 24.5 ± 7.6 0.59
Table 2 Changes in physical performance at baseline and 12-week measurement
Values are mean ± SD
P values are given by the Wilcoxon’s signed rank test
* Values were considered significant at P < 0.05
Exercise group (n = 20) Control group (n = 19)
Baseline 12-Week P value Baseline 12-Week P value
10-m walking test (s) 7.5 ± 0.9 7.3 ± 0.8 0.31 7.0 ± 0.7 7.1 ± 1.0 0.94
Timed Up and Go test (s) 8.8 ± 1.3 8.2 ± 1.0 0.04* 8.1 ± 1.2 8.0 ± 1.4 0.97
Tandem gait test (step) 8.8 ± 2.3 8.9 ± 2.1 0.79 8.7 ± 2.1 8.8 ± 2.0 0.32
One-footed standing duration (s) 46.1 ± 17.8 53.6 ± 12.4 0.04* 52.6 ± 13.7 54.8 ± 13.3 0.46
Strength of quadriceps muscles (N) 249 ± 74 339 ± 85 <0.01* 275 ± 109 276 ± 49 0.88
Strength of gluteus medius muscles (N) 109 ± 32 129 ± 24 <0.01* 109 ± 23 113 ± 34 0.33
Pole drop test (cm) 26.9 ± 6.2 28.4 ± 6.3 0.16 27.7 ± 4.9 29.4 ± 3.3 0.51
Whole body reaction time (s) 0.44 ± 0.06 0.40 ± 0.07 0.01* 0.42 ± 0.05 0.41 ± 0.05 0.43
Platform stabilometry (cm) 23.9 ± 11.1 27.5 ± 9.3 0.04* 24.5 ± 7.6 25.4 ± 8.0 0.66
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gluteus medius muscle strength, and balance param-
eters, the duration of one-footed standing and platform 
stabilometry findings, significantly improved. A param-
eter of lower-limb agility, the WBRT, also significantly 
improved. These results were attributed to exergaming, 
which required unexpected multi-directional stepping; 
the body’s center of gravity was transferred to the front, 
back, left, or right with every step, and loading to the 
lower limbs with every step may have improved quadri-
ceps and gluteus medius muscle strength. The frequent 
transfer of the center of gravity may have simultaneously 
played the role of balance training. Furthermore, it was 
necessary to promptly and repeatedly step in the correct 
direction based on an instant evaluation according to the 
disk’s indications on the monitor; this may have contrib-
uted to improving the agility of the lower limbs. No sig-
nificant differences were observed in the 10-m walking 
or tandem gait tests, which may have been because the 
baseline values before the start of exercise training were 
approximate to the upper limit of the normal range.
Motor function in the 12-week and 3-year exercise 
group was significantly different. The 12-week group 
consisted of very healthy elderly citizens who receive a 
regular salary for physical labor. Therefore, their motor 
function ability is better than the average elderly citizen. 
We think that they were able to stand on one foot longer 
than the average elderly citizen. Those selected for the 
3-year group consisted of elderly citizens who scored low 
on motor function ability in the musculoskeletal function 
examination carried out in a residential area. In addition, 
members of the 3-year group were, on average, older 
than members of the 12-week group. There was a signifi-
cantly higher proportion of women in the 3-year group 
than in the 12-week group. For these reasons, we believe 
that there is a significant difference in motor function 
between the two groups.
Out of the four reports on step exergaming in the 
elderly, only one report had described the step-rate. 
The step-rate that had been adapted to the elderly was a 
lower-step rate (0.5–1  step/s). However, this report did 
not describe how successful the step-rate was (Schoene 
et al. 2013). In this study, the step-rate was established as 
1 step/s. The mean success rate of this step was 77.2 % on 
the first day of the step exercise, which is similar to the 
previous report’s finding (Smith et  al. 2011). The mean 
success rate of this step was 90.4 % on the final day, show-
ing a significant increase (P  <  0.05). It is possible that 
this was caused by an improvement in lower limb mus-
cle strength, balance function (how long subjects could 
stand on one foot and platform stabilometry) and whole 
body reaction time, which is an indicator of agility. We 
think that the lower-step program has two benefits. First, 
it has a highly successful step-rate. Secondly, Watanabe 
et  al. suggested that slow speed exercise is more effec-
tive than normal speed exercise (Watanabe et  al. 2015). 
Therefore, a lower-step program may be more effective 
than a higher-step one.
The results of this study involving a 12-week intervention 
showed that the mean score on Borg scale at the start of the 
exercise was 12, which confirmed that the intensity of the 
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Fig. 4 Success rate of step (%) at first, last time (exercise group, 
12-week). P values are given by the Wilcoxon’s signed rank test. Values 













1-year : n=20 2-year : n=17 3-year : n=16
(%)
Fig. 5 Attendance rate (%), number of participants (n) (1-, 2-, 3-year). 
P values are given by the Friedman’s test. Values were considered 
significant at P < 0.05*
Table 3 Changes in  physical performance at  baseline 
and 3-year measurement (exercise group: n = 16)
Values are mean ± SD
P values are given by the Wilcoxon’s signed rank test
* Values were considered significant at P < 0.05
Baseline 3-Year P value
Timed Up and Go test (s) 10.7 ± 2.4 9.5 ± 2.7 0.03*
One-footed standing duration (s) 23.2 ± 10.3 39.6 ± 21.3 <0.01*
Strength of quadriceps muscles (N) 137 ± 59 179 ± 66 0.02*
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was 9 at completion of the exercise. The results showed that 
the exercise tolerance improved. The mean score on Borg 
scale at the start of the exercise was 12, which was appro-
priate as an aerobic exercise for the elderly. There was no 
excessive exercise loading and no adverse events, such as 
falls or pain, during the intervention. This result was similar 
to previous reports (Skjæret et al. 2015a, b).Therefore, exer-
gaming was considered to be safe.
Previous studies reported the efficacy of exergaming 
using conventional game machines, such as DDR and 
Nintendo Wii (Taylor et  al. 2011; Bailey and McInnis 
2011; Sell et  al. 2008). These reports were not intended 
for the elderly. In integrative review (Skjæret et  al. 
2015a, b), there are four reports of step exergaming in 
the elderly. Two reports (Pichierri et al. 2012a, b) were a 
study of cognitive-motor function, which are not relevant 
to the focus of our study. Another report (Studenski et al. 
2010) did not show a detailed motor function evalua-
tion. Schoene et  al. (2013) conducted an intervention 
with DDR 2 or 3 times a week for 8 weeks in 15 elderly 
people, with a mean age of 78 years. They reported that 
the interval until stepping to the front, back, left, or right 
was shortened, suggesting that this program was use-
ful for preventing falls. In their study, no increase was 
observed in knee-extending muscle strength and TUG, 
which was different from our results. This may have been 
because the intervention period in their study (8 weeks) 
was shorter than in our study (12  weeks). Muscular 
weakness in the lower limbs is the most important risk 
factor for falls (American Geriatrics Society, British Geri-
atrics Society, and American Academy of Orthopaedic 
Surgeons Panel on Falls Prevention 2001). Exergaming, 
which improved lower-limb muscle strength, resulted in 
successful outcomes.
Regarding the effects of interventions with exergam-
ing, although short-term (6–12  weeks) interventions 
have been reported (Taylor et  al. 2011; Bailey and McI-
nnis 2011; Sell et  al. 2008; Maloney et  al. 2008; Ander-
son-Hanley et al. 2011; Lamoth et al. 2011; Natbony et al. 
2013; Skjæret et al. 2015a, b), no study has conducted an 
intervention that lasted for several years. Annesi previ-
ously reported the dropout rate of a new exercise pro-
gram started in a public exercise facility (Annesi 2007). 
The exercise continuation rate a few months after start-
ing the exercise was relatively low (Annesi 2007). We 
performed an intervention with exergaming for 3 years, 
and exercise was continued by 16 out of the 20 subjects, 
showing a high continuation rate. The attendance rate (%) 
was high (79 % in the 1-year group, 82.6 % in the 2-year 
group, 82.4 % in the 3-year group). These changes were 
not significant. A possible reason for the high attend-
ance rate is a report that exergaming increases exercise 
compliance (Warburton et  al. 2007; Tamura et  al. 2007; 
Baranowski et al. 2008). In addition, Motor functions also 
significantly improved. This may have been related to 
adequate exercise loading and enjoyable game features. 
This is the first study on the exergaming continuation 
rate and its influence on motor functions during a long-
term intervention for the elderly. Exergaming was safe 
and useful for maintaining/improving motor functions.
This study had several limitations. It involved healthy 
elderly people; high-risk elderly people with a history of 
frequent falls were not included. Furthermore, subjects in 
the twelve-week study were arbitrarily divided into exer-
cise and control groups. If a cross-over trial had been con-
ducted, the results obtained may have been more accurate.
In this study, we did not decide whether to use the same 
foot in the front step or not. Although it often appeared 
that front stepping was conducted with the right foot, the 
correct proportions have not been evaluated. In the pre-
vious four reports on the elderly (Pichierri et  al. 2012a, 
b; Studenski et  al. 2010; Schoene et  al. 2013), there was 
no mention of whether subjects were front stepping with 
one or both feet, a point left open to debate.
For step exergaming we set the step rate at a constant 
1  step/s. A benefit of establishing a constant step rate 
is that the elderly can obtain a higher score. Since we 
have not investigated other step-rates, the most effective 
step-rate for the elderly is open to question. It has been 
reported that adults start with easier games and progress 
to more difficult games (Baranes et  al. 2014). In order 
to maintain motivation over the long term, research-
ers should consider creating a program which gradually 
increases the degree of difficulty. There is room for fur-
ther investigation.
In the three-year study, there was no comparison with 
an age-/sex-matched control group. In addition, the 
number of subjects was relatively small. A larger sample 
size may be more representative. The exercise param-
eters, such as the duration and frequency most effective 
on lateral instability, remain to be elucidated. Neverthe-
less, this study has provided a basis for further studies on 
the preventative effects of a step exercise on falls in the 
elderly.
Conclusion
Exergaming was useful for safely improving the motor 
functions of the elderly, including lower-limb muscle 
strength, at an adequate intensity of exercise in a short 
period. In addition, the 3-year intervention confirmed its 
safety and had a high exercise continuation rate. Further-
more, improvements were observed in motor functions, 
suggesting the usefulness of exergaming for the preven-
tion of falls in the elderly. A large-scale study needs to 
be conducted in the future in order to more concretely 
determine whether exergaming prevents falls.
Page 9 of 10Nagano et al. SpringerPlus  (2016) 5:793 
Authors’ contributions
YN participated in the study design, performed the statistical analysis and 
drafted the manuscript. KI and TT participated in the study design. MK carried 
out the data analysis. MI contributed to the draft and figures of the manu-
script. All authors read and approved the final manuscript.
Author details
1 Department of Rehabilitation Center, Kochi Medical School Hospital, Nankoku, 
Kochi 783-8505, Japan. 2 Department of Rehabilitation, Kurihara Central Hospital, 
Kurihara, Miyagi 987-2205, Japan. 3 Department of Orthopaedic Surgery, Kubokawa 
Hospital, Takaokagun Shimantocho, Kochi 786-0002, Japan. 4 Department of Ortho-
paedic Surgery, Kochi Medical School, Nankoku, Kochi 783-8505, Japan. 
Competing interests
The authors declare that they have no competing interests.
Received: 27 January 2016   Accepted: 20 May 2016
References
Aizen E, Dranker N, Swartzman R, Michalak R (2003) Risk factors and charac-
teristics of falls resulting in hip fracture in the elderly. Isr Med Assoc J 
5(5):333–336
American Geriatrics Society, British Geriatrics Society, and American 
Academy of Orthopaedic Surgeons Panel on Falls Prevention (2001) 
Guideline for the prevention of falls in older persons. J Am Geriatr Soc 
49(5):664–672
Anderson-Hanley C, Tureck K, Schneiderman RL (2011) Autism and exergam-
ing: effects on repetitive behaviors and cognition. Psychol Res Behav 
Manag 4:129–137. doi:10.2147/PRBM.S24016
Annesi JJ (2007) Effects of a computer feedback treatment and behavioral 
support protocol on drop out from a newly initiated exercise program. 
Percept Mot Skills 105(1):55–66
Bailey BW, McInnis K (2011) Energy cost of exergaming, a comparison of 
the energy cost of 6 forms of exergaming. Arch Pediatr Adolesc Med 
165(7):597–602
Baranes AF, Oudeyer PY, Gottlieb J (2014) The effects of task difficulty, novelty 
and the size of the search space on intrinsically motivated exploration. 
Front Neurosci 14(8):317. doi:10.3389/fnins.2014.00317
Baranowski T, Buday R, Thompson DI, Baranowski J (2008) Playing for real: 
video games and stories for health-related behavior change. Am J Prev 
Med 34:74–82
Bemben MG, Massey BH, Bemben DA, Misner JE, Boileau RA (1996) Isometric 
intermittent endurance of four muscle groups in men aged 20–74 yr. 
Med Sci Sports Exerc 28(1):145–154
Bohannon RW, Larkin PA, Cook AC, Gear J, Singer J (1984) Decrease in timed 
balance test scores with aging. Phys Ther 64(7):1067–1070
Borg GA (1982) Psychophysical bases of perceived exertion. Med Sci Sports 
Exerc 14(5):377–381
Clark R, Kraemer T (2009) Clinical use of Nintendo Wii bowling simulation to 
decrease risk in an elderly resident of a nursing home: a case report. J 
Geriatr Phys Ther 32(4):174–180
Dishman RK, Buckworth J (1996) Increasing physical activity: a quantitative 
synthesis. Med Sci Sports Exerc 28:706–719
Doherty TJ (2003) Invited review: aging and sarcopenia. J Appl Physiol 
95(4):1717–1727
Greenspan SL, Myers ER, Kiel DP, Parker RA, Hayes WC, Resnick NM (1998) Fall 
direction, bone mineral density, and function: risk factors for hip fracture 
in frail nursing home elderly. Am J Med 104(6):539–545
Hwang HF, Lee HD, Huang HH, Chen CY, Lin MR (2011) Fall mechanisms, bone 
strength, and hip fractures in elderly men and women in Taiwan. Osteo-
poros Int 22(8):2385–2393. doi:10.1007/s00198-010-1446-4
Janssen I, Heymsfield SB, Wang ZM, Ross R (2000) Skeletal muscle mass and 
distribution in 468 men and women aged 18–88 yr. J Appl Physiol 
89(1):81–88
Kapteyn TS, Bles W, Njiokiktjien CJ, Kodde L, Massen CH, Mol JM (1983) 
Standardization in platform stabilometry being apart of posturography. 
Agressologie 24:321–326
Kirkendall DT, Garrett WE Jr (1998) The effects of aging and training on skeletal 
muscle. Am J Sports Med 26(4):598–602
Koblbauer IF, Lambrecht Y, van der Hulst ML, Neeter C, Engelbert RH, Poolman 
RW, Scholtes VA (2011) Reliability of maximal isometric knee strength 
testing with modified hand-held dynamometry in patients await-
ing total knee arthroplasty: useful in research and individual patient 
settings? A reliability study. BMC Musculoskelet Disord 31(12):249. 
doi:10.1186/1471-2474-12-249
Krause DA, Schlagel SJ, Stember BM, Zoetewey JE, Hollman JH (2007) Influ-
ence of lever arm and stabilization on measures of hip abduction and 
adduction torque obtained by hand-held dynamometry. Arch Phys Med 
Rehabil 88(1):37–42
Lamoth CJ, Caljouw SR, Postema K (2011) Active video gaming to improve bal-
ance in the elderly. Stud Health Technol Inform 167:159–164
Luchies CW, Alexander NB, Schultz AB, Ashton-Miller J (1994) Stepping 
responses of young and old adults to postural disturbances: kinematics. J 
Am Geriatr Soc 42(5):506–512
Mackey DC, Robinovitch SN (2006) Mechanisms underlying age-related differ-
ences in ability to recover balance with the ankle strategy. Gait Posture 
23(1):59–68
Maki BE, McIlroy WE (2005) Change-in-support balance reaction in older 
persons: an emerging research area of clinical importance. Neurol Clin 
23(3):751–783
Maki BE, McIlroy WE (2006) Control of rapid limb movements for balance 
recovery: age-related changes and implications for fall prevention. Age 
Ageing 35(suppl 2):ii12–ii18
Maloney AE, Bethea TC, Kelsey KS, Marks JT, Paez S, Rosenberg AM, Catellier 
DJ, Hamer RM, Sikich L (2008) A pilot of a video game (DDR) to promote 
physical activity and decrease sedentary screen time. Obesity (Silver 
Spring) 16(9):2074–2080
Manchester D, Woollacott M, Zederbauer-Hylton N, Marin O (1989) Visual, 
vestibular and somatosensory contributions to balance control in the 
older adult. J Gerontol 44(4):M118–M127
McIlroy WE, Maki BE (1996) Age-related changes in compensatory stepping in 
response to unpredictable perturbations. J Gerontol A Biol Sci Med Sci 
51(6):M289–M296
Miyatake N, Sakano N, Yoshioka A, Hirao T, Numata T (2012) Evaluation of 
whole body reaction time and one leg with eye closed balance in elderly 
Japanese. Open J Epidemiol 2:22–27. doi:10.4236/ojepi.2012.21004
Natbony LR, Zimmer A, Ivanco LS, Studenski SA, Jain S (2013) Perceptions of 
a videogame-based dance exercise program among individuals with 
parkinson’s disease. Games Health J 2(4):235–239
Novaes RD, Miranda AS, Dourado VZ (2011) Usual gait speed assess-
ment in middle-aged and elderly Brazilian subjects. Rev Bras Fisioter 
15(2):117–122
Oman RF, King AC (2000) The effect of life events and exercise program format 
on the adoption and maintenance of exercise behavior. Health Psychol 
19:605–612
Pichierri G, Murer K, de Bruin ED (2012a) A cognitive-motor intervention using 
a dance video game to enhance foot placement accuracy and gait under 
dual task conditions in older adults: a randomized controlled trial. BMC 
Geriatr 12:74
Pichierri G, Coppe A, Lorenzetti S, Murer K, de Bruin ED (2012b) The effect of 
acognitive-motor intervention on voluntary step execution under single 
anddual task conditions in older adults: a randomized controlled pilot 
study. Clin Interv Aging 7:175–184
Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test of basic func-
tional mobility for frail elderly persons. J Am Geriatr Soc 39:142–148
Rogers MW, Mille ML (2003) Lateral stability and falls in older people. Exerc 
Sport Sci Rev 31(4):182–187
Schoene D, Lord SR, Delbaere K, Severino C, Davies TA, Smith ST (2013) A 
randomized controlled pilot study of home-based step training in older 
people using videogame technology. PLoS One 8(3):e57734. doi:10.1371/
journal.pone.0057734
Sell K, Lillie T, Taylor J (2008) Energy expenditure during physically interac-
tive video game playing in male college students with differentplaying 
experience. J Am Coll Health 56(5):505–511
Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close 
JC (2008) Effective exercise for the prevention of falls: a system-
atic review and meta-analysis. J Am Geriatr Soc 56(12):2234–2243. 
doi:10.1111/j.1532-5415.2008.02014.x
Page 10 of 10Nagano et al. SpringerPlus  (2016) 5:793 
Shumway-Cook A, Brauer S, Woollacott M (2000) Predicting the probability for 
falls in community-dwelling older adults using the Timed Up & Go Test. 
Phys Ther 80(9):896–903
Skjæret N, Nawaz A, Morat T, Schoene D, Helbostad JL, Vereijken B (2015a) 
Exercise and rehabilitation delivered through exergames in older adults: 
an integrative review of technologies, safety and efficacy. Int J Med 
Inform. doi:10.1016/j.ijmedinf.10.008
Skjæret N, Nawaz A, Ystmark K, Dahl Y, Helbostad JL, Svanæs D, Vereijken B 
(2015b) Designing for movement quality in exergames: lessons learned 
from observing senior citizens playing stepping games. Gerontology 
61(2):186–194
Smith ST, Sherrington C, Studenski S, Schoene D, Lord SR (2011) A novel 
Dance Dance Revolution (DDR) system for in-home training of stepping 
ability: basic parameters of system use by older adults. Br J Sports Med 
45(5):441–445
Studenski S, Perera S, Hile E, Keller V, Spadola-Bogard J, Garcia J (2010) Interac-
tive video dance games for healthy older adults. J Nutr Health Aging 
14(10):850–852
Tamura T, Sekine M, Shinchi T, Yuji T, Higashi Y, Fujimoto T (2007) PC-based 
rehabilitation tool for the elderly. In: 29th annual international conference 
of the IEEE engineering in medicine and biology society, pp 1808–1809
Taylor MJ, McCormick D, Shawis T, Impson R, Griffin M (2011) Activity-pro-
moting gaming systems in exercise and rehabilitation. J Rehabil Res Dev 
48(10):1171–1186
Warburton DE, Bredin SS, Horita LT, Zbogar D, Scott JM, Esch BT, Rhodes RE 
(2007) The health benefits of interactive video game exercise. Appl 
Physiol Nutr Metab 32:655–663
Watanabe Y, Tanimoto M, Oba N, Sanada K, Miyachi M, Ishii N (2015) Effect of 
resistance training using bodyweight in the elderly: comparison of resist-
ance exercise movement between slow and normal speed movement. 
Geriatr Gerontol Int 15(12):1270–1277
Woollacott MH (1993) Age-related changes in posture and movement. J 
Gerontol 48:56–60
